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Abstract: For clinical isolates of Haemophilus influenzae and Streptococcus pneumoniae in 
Japan (356 and 179 strains, respectively) and in the Philippines (98 and 59 strains, respec- 
tively), minimum inhibitory concentrations (MICs) of ampicillin, cefazolin, cefotiam, ceftizox- 
im, ofloxacin, erythromycin, and minocycline were examined. The rates of f-lactamase pro- 
ducing H. influenzae were 17.7% (63/356) in Japan and 2.0% (2/98) in the Philippines, and 
all of these strains were ampicillin MICs >1.56 ugml-!. In addition, 5 strains in Japan that 
lacked f-lactamase activity were also less susceptible to ampicillin. Among the an- 
timicrobials tested, ceftizoxim was the most active against H. influenzae in both countries 
(MICs <0.2 ugml-'). Five strains of S. pneumoniae in Japan were relatively resistant to am- 
picillin (MIC=0.1 ugml-!), whereas there were no such strains among isolates in the Philip- 
pines. Forty strains (22.3%) and 108 strains (60.3%) among S. pneumoniae in Japan ex- 
hibited erythromycin MICs 20.2 ugml-! and minocycline MICs 21.56 ugml-!, respective- _ 
ly. In contrast, all isolates in the Philippines were erythromycin MICs <0.05 ugml-! and 
minocycline MICs <0.39 ugml-!. Present study indicates that H. influenzae and S. 
pneumoniae in the Philippines remained still susceptible to the antimicrobials tested except 
for 2 f-lactamase-positive, ampicillin-resistant H. influenzae, whereas ampicillin-resistant H. 
influenzae mediated by f-lactamase or non-f-lactamase mechanisms and ampicillin-, 
erythromycin- or minocycline-resistant S. pneumoniae were included among isolates in 
Japan. 
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INTRODUCTION 


Haemophilus influenzae (Everett et al., 1977; McGowan et al., 1974) and Streptococcus 
pneumoniae (Davies and Kumaratne 1988; Gillespie 1989) were important bacterial pathogens 
causing systemic infections, such as sepsis and meningitis, in addition to respiratory tract in- 
fections. Recently, increase of prevalence of resistance in H. influenzae (Istre et al., 1984; 
Kayser et al., 1990) and S. pneumoniae (Baquero et al., 1991; Ridgway et al., 1991; Spika et 
al., 1991) have been clinically becoming problems. It is important to monitor for the 
prevalence of antimicrobial resistance in each country for treating invasive, life-threatening in- 
fections caused by these organisms. Surveys of the prevalence of resistance in H. influenzae 
(Kayser et al., 1990; Doern et al., 1986; Doern et al., 1988; Powell et al., 1987) and S. 
pneumoniae (Baquero et al., 1991; Spika et al., 1991) have been carried out in several coun- 
tries. 

In this study, antimicrobial susceptibility of clinical isolates of H. influenzae and S. 
pneumoniae in Japan and in the Philippines was investigated, and the prevalence of resistance 
of these organisms was compared. The rate of f-lactamase producing strains in H. influenzae 
and the correlation of resistance between erythromycin (EM) and minocycline (MINO) in S. 
pneumoniae were also examined. 


MATERIALS AND METHODS 


Clinical isolates. For isolates in Japan, 356 strains of H. influenzae and 179 strains of S. 
pneumoniae collected between December 1986 and November 1987 at Nagasaki University 
Hospital, Nagasaki, Japan, were used. For isolates in the Philippines, 98 strains of H. influen- 
zae and 59 strains of S. pneumoniae collected between December 1984 and November 1985 at 
Research Institute for Tropical Medicine, Manila, the Philippines, were used. All isolates 
were recovered from different patients. The isolates in the Philippines were sent to Nagasaki 
University Hospital. After confirmation of identity, antimicrobial susceptibility testing for 
isolates in both countries was performed at one time at Nagasaki University Hospital. 
Antibiotics. The following 7 antimicrobial agents were obtained from the indicated sources: 
ampicillin (ABPC), Meiji Seika Kaisha, Ltd., Tokyo, Japan; cefazolin (CEZ), Fujisawa Phar- 
maceutical Co., Ltd., Tokyo, Japan; cefotiam (CTM), Takeda Chemical Industries Ltd., 
Osaka, Japan; ceftizoxime (CZX), Fujisawa; ofloxacin (OFLX), Daiichi Pharm. Co., Ltd., 
Tokyo, Japan; EM, Dainippon Pharm. Co., Ltd., Osaka, Japan; MINO, Lederle (Japan) Ltd., 
Tokyo, Japan. 

Antimicrobial susceptibility testing. Minimum inhibitory concentrations (MICs) of an- 
tibiotics against H. influenzae and S. pneumoniae were determined by broth microdilution 
method using serial twofold dilutions of an individual antibiotic (Sahm and Washington II 
1991). Test medium consisted of Mueller-Hinton broth (Difco Laboratories, Detroit, Mich.), 
50mg of nicotinamide adenine dinucleotide (Sigma Chemical Co., St. Louis, Mo.) per liter, 50 
ml of heat-inactivated fetal calf serum (Nakarai Chemical Co., Ltd., Tokyo, Japan) per liter, 
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30ml of lysed horse blood (Nissei kagaku Co., Ltd., Tokyo, Japan) per liter, 3g of yeast ex- 
tract (Oxoid, Ltd., Basingstoke, Hampshire, UK) per liter, 25mg of magnesium per liter, and 
50mg of calcium per liter. The 7 antimicrobial agents were examined against all study 
isolates at concentrations ranging from 0.025 to 50 ugml~!. Bacteria were inoculated to ob- 
tain a final concentration of approximately 105 CFUml-!, and test plates were incubated for 
20 to 24h at 35C in ambient air. Then, wells were examined macroscopically for evidence of 
growth. The MIC was defined as the lowest concentration of antimicrobial agent tested 
which inhibited visible growth of bacteria. Strains of H. influenzae ATCC 35056, 
Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC 25922, and Staphylococcus 
aureus ATCC 29213 for which the MICs of the antimicrobial agents were known, were used 
as control of antimicrobial susceptibility testing. 

Detection of &lactamase. {-lactamase production in H. influenzae was determined by in- 
cubating suspensions of each strain with chromogenic cephalosporin (nitrocefin) at room 
temperature for 10 min and visually assessing color development (O’Callaghan et al., 1972). 


RESULTS 


MICs of ABPC, CEZ, CTM, and CZX against H. influenzae. The in vitro activities of 
4 B-lactam antibiotics against 356 strains in Japan and 98 strains in the Philippines were 
shown in Table 1. MICs for 50% of strains (MIC50s) of ABPC, CEZ, CTM, and CZX for 
strains in Japan were respectively 0.39, 6.25, 0.78, and <0.025 ugml~!, whereas MIC50s for 
strains in the Philippines were 0.2, 3.13, 0.78, and <0.025 ugml-1, respectively. Concerning 
the distribution of MICs of ABPC, there was a distinct difference between Japan and the 
Philippines. Only 2 strains in the Philippines (2.0%) were resistant to ABPC (MICs of 12.5 
ugml~! and 25 ugml~!), whereas 50 strains in Japan (14.0%) exhibited ABPC MICs >6.25 
ugml~!. Among -lactam antimicrobial agents tested, CZX was the most active against H. in- 
Jluenzae in both countries. All 98 strains in the Philippines and 343 strains in Japan (96.3%) 
were inhibited by CZX at a concentration of 0.025 ugml-!, but remaining 13 strains isolated 
in Japan exhibited resistance to CZX at 0.05 ugml~! (8 strains), 0.1 ugml-! (4 strains), and 
0.2 ugml—! (1 strain) of CZX, respectively. 

MICs of ABPC for beta-lactamase-positive and -negative strains of H. influenzae. 
The rate of -lactamase production among strains in Japan was 17.7% (63/356 strains). In 
contrast, 2.0% of strains (2/98 strains) in the Philippines produced f-lactamase (Table 2). All 
of these £-lactamase producing strains were ABPC MICs 21.56 ugml~!. In addition, 5 
strains (1.4%) in Japan that lacked f-lactamase activity showed ABPC MICs >1.56 ugml—!, 
These 5 strains were also less susceptible to CZX; CZX MICs of 0.2 ugml—! (1 strain), 0.1 
ugml~! (3 strains), and <0.025 ugml~! (1 strain). However, all 96 strains in the Philippines 
that lacked f-lactamase activity were ABPC MICs <0.39 ugml—!, 

MICs of OFLX, EM, and MINO against H. influenzae. The in vitro activities of 3 
other classes of antimicrobial agents against H. influenzae were shown in Table 3. In MIC50s 
of OFLX, EM, and MINO, there were no differences between strains in Japan and in the 
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Table 1. MICs of ABPC, CEZ, CTX, and CZX for H. influenzae in Japan (356 strains) and in the Philip- 
pines (98 strains) 


No. of strains for which MIC (ugml-1) was as follows *: 


Country ee 
<0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 >50 

Japan ABPC 1 110 15 2 6 12 10 17 18 5 

CEZ 1 1 20 139 17⁄4 19 1 1 

CTM 1 3 58 23 5l 9 1 

CZX 343 8 4 1 
The Philippines ABPC B 7 I 2 2d. 

CEZ 1 14 37 36 = 10 

CTM 1 39 55 3 

CZX 98 


aMIC50 of each antibiotic was indicated by underline. 


Table 2. MICs of ABPC for f-lactamase-positive and -negative strains of H. influenzae in Japan (356 
strains) and in the Philippines (98 strains) 


No. of strains for which MIC (ygml-'!) was as follows: 


Country B-lactamase SS SS ee 
0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 
Japan Positive 3 10 10 17 18 5 
Negative 1 110 = 175 2 3 2 
“The Philippines Bane O = te e 
Negative 25 70 1 


ooo eee ee a a a er 


Table 3. MICs of OFLX, EM, and MINO for H. influenzae in Japan (356 strains) and in the Philippines 
(98 strains) 


a 


Antimicrobial No. of strains for which MIC (ugml-}) was as follows ë: ) 


ae agent  <0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 >50 
a ea COR A Ct ne oN ace SE At eS 
Japan — OFLX 304 39 4 6 1 
EM 4 2 15 74 205 56 
MINO 12 150 139 31 17 5 1 1 
The Philippines OFRLX 3 4 IO O PSC ;SC St 
EM 1 1 57 25 
MINO 1 6 33 1 


nn IIassaaassosasasasaeaeauaeuesaasosoooooooossst$lulu$usl$l$l$liiÂiii 


aMIC50 of each antibiotic was indicated by underline. 
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Philippines (<0.025, 3.13, and 0.2 ugml-! respectively). However, 2 strains in Japan were ful- 
ly resistant to MINO (MICs of 6.25 ugml-! and 12.5 ugml-}), although all 98 strains in the 
philippines were MINO MICs <0.78 ugml—!. 

MICs of ABPC, CEZ, CTM, and CZX against S. pneumoniae. The in vitro activities of 
4 -lactam antibiotics against 179 strains in Japan and 59 strains in the Philippines were 
shown in Table 4. In MIC50s of ABPC, CEZ, CTM, and CZX, there were no differences bet- 
ween strains in Japan and in the Philippines (<0.025, 0.1, 0.1, and 0.05 ugml-!, respective- 
ly). Among these f-lactam antimicrobial agents, ABPC was the most active against S. 
pneumoniae isolated in both countries. However, 5 strains in Japan (2.8%) were relatively 
resistant to ABPC (MIC=0.1 ugml-}). 

MICs of OFLX, EM, and MINO against S. pneumoniae. The in vitro activities of 3 
other classes of antimicrobial agents were shown in Table 5. MIC50s of OFLX, EM, and 


Table 4. MICs of ABPC, CEZ, CTM, and CZX for S. pneumoniae in Japan (179 strains) and in the Philip- 
pines (59 strains) 


Antimicrobial No. of strains for which MIC (ugml-!) was as follows €: 


Country agent <0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 >50 
Japan ABPC 154 20 5 
CEZ 30 128 13 7 1 
CTM 1 14 90 59 15 
CZX 17 14 227 8 9 2 2 
The Philippines ABPC 58 1 TS 
| CEZ 19 40 
CTM 1 44 14 
CZX 20 38 1 


@MIC50 of each antibiotic was indicated by underline. 


Table 5. MICs of OFLX, EM, and MINO for S. pneumoniae in Japan (179 strains) and in the Philippines 
(59 strains) 

a ee ee E EA 

Antimicrobial No. of strains for which MIC (ugml-*) was as follows ?: 


Country 
agent  <0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.13 6.25 12.5 25 50 >50 


Japan OFLX 1 8 146 2 #1 1 
EM 20 109 10 1 1 4 1 8 I 1 2B 
MINO 16 399 1 3 5 7 4 tl 30 38 4 1 

The Philippines OFLX a n aya a S 
EM 13 46 
MINO 17 4 2 


aMIC50 of each antibiotic was indicated by underline. 
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MINO for strains in Japan were respectively 1.56, 0.05, and 6.25 ugml~!, whereas MIC50s 
for strains in the Philippines were 1.56, 0.05, and 0.2 ugml—1, respectively. Among isolates in 
Japan, 40 strains (22.3%) were EM MICs 20.2 ugml~! and 108 strains (60.3%) were MINO 
MICs >1.56 ugml~!. However, all isolates in the Philippines were EM MICs <0.05 ugml~! 
and MINO MICs <0.39 ugml—!. 

Correlation of MICs between MINO and EM for S. pneumoniae. Strains of S. 
pneumoniae were divided into 4 groups (A—D) by MINO MICs <1.56 or 21.56 ugml~! and 
EM MICs <0.2 or 20.2 ugml—! as shown in Figure 1 (group A, MINO MICs <1.56 ugml-! 
and EM MICs <0.2 ugml~!; B, MINO MICs =1.56 ugml~! and EM MICs <0.2 ugml-}; C, 
MINO MICs >1.56 ugml~! and EM MICs 20.2 ugml-t; D, MINO MICs <1.56 ugml—! and 
EM MICs >0.2 ugml-! ). All isolates in the Philippines belonged to group A. In contrast, 
the strains in Japan were more variable. Among 108 strains in Japan (MINO MICs 21.56 
ugml-1), 38 strains (35.2%, 38/108 strains) were EM MICs 20.2 ugml—! (group C), whereas 
among 71 strains (MINO MICs <1.56 ugml~}), only 2 strains (2.8%, 2/71 strains) showed 
EM MICs 20.2 ugml~! (group D). 


>50 


25 


6.25 


= : Japan 

e i. e eee ee eco o 3 
ea 1.56 : @ 10 strains 
Se ae e 5 strains 
, ° 1 strains 

0.39 D 

: ° The Philippines 
CIPRE E ae ae Oar Fa ea O 10 strains 
on o 5 strains 
ee ee Ooo e see o :0000 e 0%: @es os: g 1 strains 

e : 
30.025 


30.025 0.1 0.39 1.56 6.25 25 >50 


MINO 


Fig. 1. Correlation of MICs of MINO and EM for S. pneumoniae. Each strain of 
S. pneumoniae in Japan (179 strains) and in the Philippines (59 strains) was plot- 
ted by MIC values (ugml-!) of MINO and EM. 
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DISCUSSION 


The rates of f-lactamase producing strains of H. influenzae in Japan and in the Philip- 
pines were 17.7% (63/356 strains) and 2.0% (2/98 strains), respectively. The vast majority of 
B-lactamase produced by H. influenzae has been known to be TEM-type {-lactamase (Heffron 
et al., 1975) and is mediated by genes located on a conjugative R-plasmid (Elwell et al., 1975; 
Sykes et al., 1975). From the first report of f-lactamase producing H. influenzae in 1974 
(Khan et al., 1974) series of surveillances in prevalence of f-lactamase-positive strains have 
been carried out in several countries. In nationwide studies in the United States, the rates of 
B-lactamase producing strains of H. influenzae in 1984 (Doern et al., 1986) and in 1986 
(Doern et al., 1988) were 15.2% and 20.0%, respectively. European collaborative studies have 
shown that 10.9% in 1986 (Machka et al., 1988) and 9.1% in 1988/89 (Kayser et al., 1990) 
produced f-lactamase. In the present study, the prevalence of f-lactamase producing strains 
in the Philippines remained still at low levels compared with the rates in the United States 
and Europe, although the prevalence in Japan was similar to that seen in the United States 
performed in 1986. 

The problem of ABPC resistance in H. influenzae is complicated by descriptions of — 
clinical isolates that are resistant to ABPC by mechanisms other than the production of f-lac- 
tamase (Mendelman et al., 1984; Offit et al., 1982). Parr and Bryan (1984) have reported that 
alteration in the binding capacity of penicillin-binding proteins (PBPs) of H. influenzae was 
correlated with the f-lactam resistance of this organism. Among H. influenzae in Japan that 
lacked §-lactamase production, 5 strains (1.4%) showed ABPC MICs >1.56 ugml-1. These 5 
strains were also less susceptible to CZX. On the other hand, all isolates in the Philippines 
that lacked f-lactamase activity were susceptible to ABPC, which were inhibited by ABPC 
concentration of 0.39 ugml-!. Recent increasing use of new §-lactams, most of which are 
stable in the presence of f-lactamase of H. influenzae, is likely to increase selective pressure 
on ABPC-resistant strains mediated by such non-f-lactamase mechanisms. 

Five strains of S. pneumoniae in Japan were relatively resistant to ABPC (MIC=0.1 
ugml~!), whereas growth of all isolates in the Philippines were inhibited by ABPC concentra- 
tion of 0.05 ugml-1!. From the report of S. pneumoniae with greater resistance to penicillin 
(MIC=4 ugml-!) in 1977 (Appelbaum et al., 1977), several surveillances for resistant S, 
pneumoniae have been carried out. Recent study in the United States has reported that 5% of 
isolates were ABPC MICs =0.1 ugml-! (Spika et al., 1991). Other report in Europe has 
shown that over 25% of isolates in Spain, Hungary, and Poland were penicillin MICs >0.1 
ugm1—! (Baquero et al., 1991). In Spain, a close relationship has been found between the year- 
ly rate of aminopenicillin consumption and penicillin resistance (Baquero et al., 1991). The 
development of resistance to penicillin by S. pneumoniae has been also reported to be 
associated with changes in the affinity and molecular size of PBPs (Handwerger and Tomasz 
1986; Jabes et al., 1989). 

All isolates of S. pneumoniae in the Philippines were EM MICs <0.05 ugml~! and 
MINO MICs <0.39 ugml-1. In contrast, among 179 strains of S. pneumoniae in Japan, 40 
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strains (22.3%) were EM MICs 20.2 ugml-! and 108 strains (60.3%) were MINO MICs 
>1.56 ugml-! (Table 5). As shown in Fig. 1, over 35% of MINO-resistant strains were 
simultaneously EM-resistant, whereas only 2.8% of MINO-sensitive strains were EM-resis- 
tant. These results suggest that acquisition of MINO resistance may be prerequisite to 
development of EM resistance, at least, for S. pneumoniae tested in this study. With respect 
to the mechanisms of development of EM and MINO resistance in S. pneumoniae, a con- 
jugative transposon carrying resistance genes for these antibiotics has been described (Cour- 
valin and Carlier 1986). Further studies were required to elucidate the molecular mechanisms 
of cross-resistance between EM and MINO in S. pneumoniae. 

In conclusion, H. influenzae and S. pneumoniae in the philippines remained still suscepti- 
ble to the antimicrobials tested except for 2 strains of f-lactamase-positive, ABPC-resistant 
H. influenzae, whereas ABPC-resistant H. influenzae mediated by §-lactamase or non-f-lac- 
tamase mechanisms and ABPC-, MINO- or EM-resistant S. pneumoniae were included among 
isolates in Japan. Continuous surveillances to monitor for the prevalence of resistance to an- 
timicrobials in H. influenzae and S. pneumoniae were needed. 


ACKNOWLEDGEMENTS 


We thank Prof. Kohei Hara, Second Department of Internal Medicine, Nagasaki 
University School of Medicine, Nagasaki, Japan, for critical reading of the manuscript and 
helpful suggestions. 


REFERENCES 


1) Appelbaum P.C., Bhamjee A., Scragg J.N., Hallett A.F., Bowen A.J. and Cooper R.C. (1977): Strep- 
tococcus pneumoniae resistant to penicillin and chloramphenicol. Lancet 2, 995—997. 

2) Baquero F., Martinez B.J. & Loza E. (1991): A review of antibiotic resistance patterns of Streptococ- 
cus pneumoniae in Europe. J. Antimicrob. Chemother. 28 (Suppl. C), 31—38. 

3) Courvalin P. & Carlier C. (1986): Transposable multiple antibiotic resistance in Streptococcus 
pneumoniae. Mol. Gen. Genet. 205, 291—297. 

4) Davies A.J. & Kumaratne D.S. (1988): The continuing problem of pneumococcal infection. J. An- 
timicrob. Chemother. 21, 387. 

5) Doern G.V., Jorgensen J.H., Thornsberry C., Preston D.A. & The Haemophilus influenzae Surv- 
veillance Group (1986): Prevalence of antimicrobial resistance among clinical isolates of Haemophilus 
influenzae: a collaborative study. Diagn. Microbiol. Infect. Dis. 4, 95—107. 

6) Doern G.V., J orgensen J.H. Thornsberry C. Preston D.A., Tubert T., Redding J.S. & Maher L.A. 
(1988): National collaborative study of the prevalence of antimicrobial resistance among clinical 
isolates of Haemophilus influenzae. Antimicrob. Agents Chemother. 32, 180—185. 

7) Elwell L.P., De Graaff J., Seibert D. & Falkow S. (1975): Plasmid-linked ampicillin resistance in 
Haemophilus influenzae type b. Infect. Immun. 12, 404—410. 

8) Everett E.D., Rahm A.E., Adaniya R. Stevens D.L. & McNitt T.R. (1977): Haemophilus influenzae 


9) 


10) 


11) 


12) 


13) 


14) 


15) 


16) 


17) 


18) 


19) 


20) 


21) 


22) 


23) 


24) 


51 


pneumoniae in adults. J. Am. Med. Assoc. 238, 319—321. 

Gillespie S.H. (1989) Aspects of pneumococcal infection including bacterial virulence, host response 
and vaccination. J. Med. Microbiol. 28, 237. 

Handwerger S. & Tomasz A. (1986): Alterations in penicillin-binding proteins of clinical and 
laboratory isolates of pathogenic Streptococcus pneumoniae with low levels of penicillin resistance. J. 
Infect. Dis. 153, 83—89. 

Heffron E., Sublett R., Hedges R.W. Jacob A. & Falkow S. (1975): Origin of the TEM beta-lac- 
tamase gene found on plasmids. J. Bacteriol. 122, 250—256. l 

Istre G.R., Conner J.S., Glode M.P. & Hopkins R.S. (1984): Increasing ampicillin-resistant rates in 
Haemophilus influenzae meningitis. Am. J. Dis. Child. 138, 366—369. 

Jabes D., Nachman S. & Tomasz A. (1989): Penicillin-binding proteins families: evidence for the 
clonal nature of penicillin resistance in clinical isolates of pneumococci. J. Infect. Dis. 159, 16—25. 
Kayser F.H., Morenzoni G. & Santanam P. (1990): The second European collaborative study on the 
frequency of antimicrobial resistance in Haemophilus influenzae. Eur. J. Clin. Microbiol. Infect. Dis. 
9, 810—817. 

Khan W., Ross S., Rodriguez W., Controni G. & Saz A.K. (1974): Haemophilus influenzae type b 
resistant to ampicillin: report of two cases. J. Am. Med. Assoc. 229, 298—301. 

Machka K., Braveny I., Dabernat H. Dornbusch K., Van Dyck E., Kayser F.H., Van Klingeren B, 
Mittermayer H., Perea E. & Powell M. (1988): Distribution and resistance patterns of Haemophilus 
influenzae; a European cooperative study. Eur. J. Clin. Microbiol. Infect. Dis. 7, 14. 

McGowan J.E., Jr., Klein J.O., Bratton L., Barnes M.W. & Finland M. (1974): Meningitis and 
bacteremia due to Haemophilus influenzae: occurrence and mortality at Boston City Hospital in 12 
selected years, 1935—1972. J. Infect. Dis. 130, 119—124. 

Mendelman P.M., Chaffin D.O., Stull T.L., Rubens C.E., Mack K.D. & Smith A.L. (1984): 
Characterization of non-f-lactamase-mediated ampicillin resistance in Haemophilus influenzae. An- 
timicrob. Agents Chemother. 26, 235—244. 

O’Callaghan C.H., Morris A., Kirby S.M. & Shingler A.H. (1972): Novel method for detection of B- 
lactamase by using a chromogenic cephalosporin substrate. Antimicrob. Agents Chemother. 1, 
283 — 288. 

Offit P.A., Campos J.M. & Plotkin S.A. (1982): Ampicillin-resistant, -lactamase-negative 
Haemophilus influenzae type b. Pediatrics 69, 230—232. 

Parr T.R., Jr. & Bryan L.E. (1984): Mechanisms of resistance of an ampicillin-resistant, 8-lactamase- 
negative clinical isolate of Haemophilus influenzae type b to beta-lactam antibiotics. Antimicrob. 
Agents Chemother. 25, 747—753. 

Powell M., Koutsia-Carouzou C., Voutsinas D., Seymour A. & Williams J.D. (1987): Survey of the 
prevalence of resistance in United Kingdom clinical isolates of Haemophilus influenzae. Br. Med. J. 
295, 176—179. 

Ridgway E.J., Allen K.D., Galloway A., Rigby A. & O’Donoghue M. (1991): Penicillin-resistant 
pneumococci in a Merseyside hospital. J. Hospital Infect. 17: 15—23. 

Sahm, D.F. & Washington II, J.A. (1991): Antibacterial susceptibility tests: dilution methods. pp. 
1105—1116. Manual of clinical microbiology, 5th ed. In Balows A., Hausler W.J. Jr., Herrmann 


52 


K.L., Isenberg H.D. & Shadomy H.J. American Society for Microbiology, Washington D.C. 

25) Spika J.S., Facklam R.R., Plikaytis B.D. & Oxtoby M.J. (1991): Antimicrobial resistance of Strep- 
tococcus pneumoniae in the United States, 1979—1987. J. Infect. Dis. 163, 1273—1278. 

26) Sykes R.B., Matthew M. & O’Callaghan C.H. (1975): R-factor mediated f-lactamase production by 
Haemophilus influenzae. J. Med. Microbiol. 8, 437-441. 


